Compare retinal morphology following intravitreal
injections of bevacizumab or triamcinolone in patients with early diabetic macular edema (DME), based on a clinical trial. 2. Evaluate retinal function following intravitreal injections of bevacizumab or triamcinolone in patients with early DME. 3. Compare safety of intravitreal injections of bevacizumab or triamcinolone in patients with early DME. 
Abstract
Purpose The objective was to compare retinal morphology and function following intravitreal injections of bevacizumab (Avastin) or triamcinolone (Volon A) in patients with early diabetic macular edema (DME). Patients and methods The study was planned as a randomized, prospective, interventional clinical trial. A total of 30 diabetic patients with treatment-naïve, clinically significant macular edema were included in this study and randomized to two equal groups. One group initially received three injections of 2.5 mg bevacizumab in monthly intervals. The second group received a single injection of 8 mg triamcinolone, followed by two sham interventions. Functional and anatomic results were evaluated monthly using ETDRS vision charts and spectral-domain optical coherence tomography. According to the study protocol, retreatment after 3 months was dependent on functional and anatomic outcome in a PRN regimen. Results Baseline best corrected visual acuity (BCVA) was 0.30 logMAR and central retinal subfield thickness (CSRT) was 505 mm in the bevacizumab group and 0.32 logMAR and 490 mm CSRT in the triamcinolone group. After 3 months, BCVA improved to 0.23 logMAR (bevacizumab) and 358 mm CRST and 0.26 logMAR (triamcinolone) and 308 mm CSRT. After 12 months, BCVA further recovered in the bevacizumab group (0.18 logMAR) but slightly decreased in the triamcinolone group (0.36 logMAR). Conclusion Intravitreal bevacizumab and triamcinolone are both equally effective in reducing CSRT in early DME. After 6 months, rehabilitation of vision was comparable in both treatment arms, whereas at the final follow-up at month 12, BCVA was superior in the bevacizumab than in the triamcinolone sample. This may be related to cataract development following steroid treatment, as well as to substance-specific mechanisms within the angiogenic versus the inflammatory cascade.
Introduction
Diabetic retinopathy is considered as one of the leading causes of serious visual impairment in young-to middle-aged adults. 1 To date, laser coagulation remains the mainstay for therapy of diabetic retinopathy but is, for all undoubted efficacy, associated with significant ocular side effects. 2 Despite the proven effect of adequate laser therapy, recovery of visual function is rare and the demand for alternative treatment modalities is rising. Intravitreal injections of corticosteroids have been increasingly used, but treatment success is limited because of ocular side effects and severe complications. With the introduction of anti-vascular endothelial growth factor (VEGF) therapy for the treatment of multiple ocular diseases, anti-VEGF drug use also appears promising for diabetic retinopathy (DRP), as VEGF levels in vitreous and aqueous fluids relate closely to active neovascularization and macular edema. 3 Both bevacizumab and triamcinolone are the most costeffective drugs and therefore widely used in diabetic macular edema (DME). Our study evaluates and compares the effect of the two treatment strategies: intravitreal injections of 8 mg triamcinolone or 2.5 mg bevacizumab individually, as a monotherapeutic approach, in patients with early diabetic macular edema. In a prospective manner, treatment and follow-up over 12 months were managed according to a standardized protocol, using a solid real-world PRN (pro re nata) regimen. None of the patients had undergone any prior treatment for DME, which provides an optimal setting for an evaluation of functional and morphological effects and retreatment needs based on disease activity.
Patients and methods
The trial, conducted at the Department of Ophthalmology of the Medical University of Vienna, followed the tenets of the Helsinki Declaration, was registered at www.clinicaltrials.com and approved by the responsible ethics committee of the Vienna University, as well as the Austrian Agency for Health and Food Safety (AGES). Before study inclusion, the interventional study design and examinations for scientific purposes were explained to each patient in a personal interview and informed consent was obtained.
Analyses of anatomical and functional results
The best corrected visual acuity (BCVA) results are described in logMAR and central subfield retinal thickness (CSRT) measurements in mm values. Results are described as mean and 95% confidence intervals. A mixed model ANOVA was applied for comparison of treatments and time points. Time points were tested for differences to baseline by linear contrasts. Normality was tested by Lilliefors' tests. For all tests, P-values of o0.05 were considered significant.
Patients
Each of the 30 study patients (mean age: 59 ± 11 years, 12 male, 18 female) enrolled presented with clinical significant macular edema because of systemic diabetes mellitus diagnosed for 43 months. Four patients had a history of cataract surgery (three patients in the triamcinolone and one patient in the bevacizumab group). Previous macular laser photocoagulation or intravitreal injection therapy, active proliferative diabetic retinopathy (PDRP) with necessity of panretinal laser treatment, or panretinal laser treatment within the past 6 months were defined as exclusion criteria. Patients were required to have a baseline CSRT of at least 300 mm and BCVA of 20/25 to 20/400 Snellen equivalent in the study eye.
Regimen and follow-up
The study was designed as prospective, randomized, double-masked, comparative interventional case series. Patients were randomly assigned to one of two treatment arms: 15 eyes received three injections of 2.5 mg bevacizumab, and 15 eyes received one initial injection of 8 mg triamcinolone, and 2 sham injections after 4 and 8 weeks, respectively. After 12 weeks ( ± 1 week) and application of either three injections of 2.5 mg bevacizumab (Avastin, Roche Pharma AG, Vienna, Austria) or one injection of 8 mg triamcinolone (Volon A, Dermapharm GmbH, Vienna, Austria) and two consecutive sham injections, PRN retreatment criteria were defined as follows: if SD-OCT showed any evidence of intraretinal or subretinal fluid or a 100 mm increase in central subfield retinal thickness from the thinnest measurement from any prior scheduled study visit, or a decrease in BCVA 45 letters compared with the score from the previous scheduled study visit. If one of these conditions was met, patients received further injections of bevacizumab or injections of triamcinolone every 3 months with sham injections within the intervals between therapeutic interventions, dependent on which treatment arm they were originally assigned to.
At each monthly visit, the following predefined examinations were obtained: BCVA testing using ETDRS charts at a 2-m distance (logMAR), slit-lamp examination including intraocular pressure (IOP) measurement (Goldmann Applanation Tonometry, Haag-Streit GmbH, Wedel, Germany), fundus biomicroscopy and retinal morphology scans (CSRT, 512 Â 126 Cirrus OCT, Carl Zeiss Meditec, Jena, Germany). Fluorescein angiography (Heidelberg Engineering, Heidelberg, Germany) was performed at baseline and in 3-month intervals. Glycated hemoglobin (HbA1c) and creatinine levels were obtained monthly.
Injection technique
In all subjects, intraocular injections were performed under sterile conditions in the surgery unit following standardized procedures. 4 A volume of 0.1 ml containing either 8 mg triamcinolone (Volon A, Dermapharm GmbH) or 2.5 mg bevacizumab (Avastin, Roche Pharma AG) was injected at 3.5 mm distance from the limbus through the inferotemporal pars plana. Patients in the triamcinolone group were injected the steroid only during the initial treatment, and two subsequent injections were mimicked: the same preinjection procedure was performed, and then the physician exerted light pressure on the conjunctiva using an empty syringe without a needle.
Results

Correlation of BCVA and CSRT
Baseline characteristics of both groups were similar, with a visual acuity (VA) of 0.30 logMAR for the bevacizumab and 0.32 logMAR for the triamcinolone group and a CSRT of 505 and 490 mm, respectively. At 3 months, after three consecutive injections of bevacizumab or one injection of triamcinolone and two sham injections, the results were as follows: VA was 0.23 logMAR in the bevacizumab and 0.26 logMAR for the triamcinolone sample (difference baseline/3 months: P40.1); CSRT was 358 mm for bevacizumab and 308 mm for triamcinolone group (difference baseline/3 months: Po0.01). At 6 months, VA remained stable in both groups with no statistical difference between groups (bevacizumab: 0.22 logMAR; triamcinolone: 0.28 logMAR, P40.05), together with a relatively constant CSRT of 353 mm in the bevacizumab and 295 mm in the triamcinolone group (intergroup comparison: P ¼ 0.07). The improvement in VA as compared with baseline did not reach statistical significance at this point in either group (P40.05); however, retinal thickness showed significant thinning (Po0.01) compared with initial presentation. After a follow-up period of 12months, VA improved to 0.18 logMAR and CSRT remained at a value of 351 mm in the bevacizumab cohort. Repeated administration of triamcinolone induced a slight decrease in BCVA to 0.36 logMAR, despite considerable recovery of retinal anatomy toward 296 mm CSRT. Compared with baseline, the reduction in retinal thickness was statistically significant in both groups (Po0.01), but resolution of edema was enhanced with triamcinolone treatment. In contrast, improvement in BCVA was significantly superior in the bevacizumab group as compared with the triamcinolone group (Po0.05). Table 1 summarizes the mean value for BCVA and CSFT at each monthly interval indicating 95% confidence intervals. In Figures 1 and 2 , the change in BCVA and CSFT is shown. Although retinal function shows a trend for superior outcomes for each single subsequent interval until month 12 in favor of bevacizumab, morphological retinal thinning is continuously more intensive with triamcinolone therapy.
Morphological response to treatment
Triamcinolone as well as bevacizumab induced beneficial effects on the disintegrated retinal morphology due to DME. Both agents effectively induced thinning of the retina and dissolution of central cysts and intra-and subretinal fluid (Figures 3a and b) . This effect seemed to be more pronounced in the triamcinolone sample where significant improvement occurred efficiently and homogenously with a predominant effect on the foveal region following one initial injection (Figure 3a) . With bevacizumab the onset of fluid dissolution appeared to be more decelerated, usually necessitating repeated injections to booster this effect (Figure 3b) . In both cohorts, within the treatment-free intervals, recurrent edema primarily developed parafoveally-this response pattern was also more distinct in the steroid-treated eyes (Figures 3a and b) . Following retreatment, decrease in edema was also faster and more intensive with triamcinolone, as CRT in this cohort was regularly below bevacizumab values.
Influence of diabetes-related parameters
Individual values for HbA1c (in mmol/mol Hb) and renal function (creatinine in mg/dl) were tested monthly to evaluate similar physical conditions between both groups in general and during follow-up. The duration of diabetes had no influence on any parameter or treatment response.
Number of treatments
In the bevacizumab sample, patients received a mean of 9.0 out of 12 and in the steroid sample 2.7 out of 4 possible injections.
Adverse events
Within the observational period of 12 months, IOP remained on a constant level (baseline/month 12: P ¼ 0.3 bevacizumab group; P ¼ 0.9 triamcinolone group) in both groups ( Figure 4 ). No adverse systemic or ocular events occurred in either group. No inflammatory response or endophthalmitis was observed in any eye at any time.
Cataract development was present in both groups, but obviously more distinct in the steroid sample. None of the patients required cataract surgery within the study period, but eight probands of the triamcinolone sample underwent surgery within 1 year after study expiration. Bevacizumab versus triamcinolone in DME K Kriechbaum et al
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Discussion
A characteristic complication and major reason for vision impairment at an early stage of diabetic retinopathy is macular edema (DME). 5 As inflammatory mechanisms seem to play a major role in the development of DME, 6,7 direct intravitreal delivery of therapeutic agents is about to slowly replace laser therapy, long considered as first-line treatment for DME. 8 This knowledge initiated multiple studies demonstrating the benefit of anti-inflammatory and anti-VEGF substances in the treatment of DME. However, almost all prospective trials used ranibizumab as therapeutic agent with various regimens, [9] [10] [11] and only few studies report direct comparison between bevacizumab and triamcinolone (mainly presenting short-time results following one single injection 7, 12, 13 ). To reach maximal benefit and reduce intravitreal and retinal VEGF to a minimum level, we chose a dose of 2.5 mg bevacizumab, which proved to be safe in recent studies. 14 For steroid treatment, we injected a dosage of 8 mg every 3 months, which might prolong the beneficial outcome without major retinal toxicity. 15 Both drugs clearly induced a rapid and highly significant effect on the restoration of retinal morphology, and gained similar anatomical results after 12 months. Because of our flexible PRN treatment regimen, macular edema intermittently recurred and necessitated regular retreatment in both arms to stabilize the beneficial effect. The amount of required retreatments in each study arm is similar to the treatment frequency in other trials, using lower dosages of medication, and implies that a higher dosage is not significantly associated with superior or prolonged outcome. With the lower retreatment frequency, more fluctuations were noted with triamcinolone, possibly indicating a need to shorten the fixed 3-month retreatment interval, as even steroid implants showed cessation of response earlier than anticipated pharmacologically. 16 In our trial, rehabilitation of function was comparable in both treatment arms up to month 4. This short time outcome is in good accordance with the results of other studies, 7,12,13 when a single triamcinolone or bevacizumab injection was temporarily effective in improving function, but limited by vision loss due to recurrent edema a few weeks after intervention. After 4 months, VA slowly, but continuously, improved in the bevacizumab group, whereas in the triamcinolone sample, VA decreased toward a baseline level (Figure 1 ). These findings may be related to the diversity of mechanisms of both treatment modalities, but a contributing factor is obviously the higher rate of cataract formation in the triamcinolone group, particularly at the end of the study. Within 1 year after study completion, 8 out of 15 steroid-treated eyes were assigned to cataract surgery, followed by a considerable improvement of visual acuity (mean 0.4 Sn preoperatively to 0.6 Sn postoperatively). These retrospectively analyzed data emphasize the obvious impact of steroid-related lens opacification. Therefore, to provide optimal benefit and safety, accurate patient selection is essential and pretreatment aspects should be taken into account. Triamcinolone is not an adequate first-line therapy, especially for young phakic patients, and the visual outcome with steroids is certainly inferior in the 'real world' for an extended time period, unless cataract surgery is offered earlier than in patients without steroid impact. Even if cataract surgery is not estimated as a major problem today, the increased risk of postoperative CME or endophthalmitis, especially in diabetic patients, should be considered. On the other hand, it is proven that bevacizumab, even if delivered in minimal vitreal concentrations, downregulates VEGF plasma levels 17 and may provoke cardiovascular events, 18, 19 as diabetic patients are innately exposed to increased cardiovascular risk factors. The therapeutic mechanisms of the drugs and the retinal structures are comparable, but not identical. The direct comparison in a standardized setting proves that both independent pathways-anti-angiogenic and anti-inflammatorycontributed to a solid therapeutic effect. American Medical Association's Physician's Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in CME activities. For further information on this award, please refer to http://www.amaassn.org/ama/pub/category/2922.html. The AMA has determined that physicians not licensed in the US who participate in this CME activity are eligible for AMA PRA Category 1 Creditst. Through agreements that the AMA has made with agencies in some countries, AMA PRA credit may be acceptable as evidence of participation in CME activites. If you are not licensed in the US, please complete the questions online, print the AMA PRA CME credit certificate and present it to your national medical association for review.
1.
Your patient is a 68-year-old male with diabetes and early diabetic macular edema (DME). Based on the randomized controlled trial by Dr Kriechbaum and colleagues, which of the following statements about retinal morphology following intravitreal injections of bevacizumab or triamcinolone is most likely correct?
A In early DME, intravitreal bevacizumab was significantly more effective than triamcinolone in reducing central subfield retinal thickness (CSRT). B
In early DME, intravitreal bevacizumab was significantly less effective than triamcinolone in reducing CSRT. C Anatomical results after 12 months favored intravitreal bevacizumab. D CSRT improved in the bevacizumab group from 505 mm at baseline to 358 mm at 3 months.
2.
Which of the following statements about retinal function following intravitreal injections of bevacizumab or triamcinolone is most likely correct? 
